Background The importance of occupational exposure to airborne agents in the development of obstructive disease is uncertain. Studying the relation in a community population has the benefit of reducing the healthy worker effect seen in studies of working populations. Methods The prevalence of obstructive lung disease was examined in a Norwegian general population aged 18-73 in a two phased cross sectional survey. In the second phase a stratified sample (n = 1512) of those responding in the first phase was invited for clinical and spirometric examination (attendance rate 84%). Attenders were asked to state all jobs lasting >6 months since leaving school and to say whether they had been exposed to any of seven specific agents and work processes potentially harmful to the lungs. Results The prevalence of asthma and chronic obstructive lung disease was 2-4% and 5 4%, respectively; spirometric airflow limitation (FEVJ/FVC < 0 7 and
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Background The importance of occupational exposure to airborne agents in the development of obstructive disease is uncertain. Studying the relation in a community population has the benefit of reducing the healthy worker effect seen in studies of working populations. Methods The prevalence of obstructive lung disease was examined in a Norwegian general population aged 18 -73 in a two phased cross sectional survey. In the second phase a stratified sample (n = 1512) of those responding in the first phase was invited for clinical and spirometric examination (attendance rate 84%). Attenders were asked to state all jobs lasting >6 months since leaving school and to say whether they had been exposed to any of seven specific agents and work processes potentially harmful to the lungs. Results The prevalence of asthma and chronic obstructive lung disease was 2-4% and 5 4%, respectively; spirometric airflow limitation (FEVJ/FVC < 0 7 and FEVy < 80% of predicted values) was observed in 4 5% of the population. All jobs were categorised into three groups according to the degree of potential airborne exposure. Having a job with a high degree of airborne exposure increased the sex, age, and smoking adjusted odds ratio for obstructive lung disease (asthma and chronic obstructive lung disease) by [3] [4] [5] [6] (95% confidence interval 1-3 to 9 9) compared with having a job without airborne exposure; the association with spirometric airflow limitation was 1-4 (0 3 to 5 2). Occupational exposures to quartz, metal gases, aluminium production and processing, and welding were significantly associated with obstructive lung disease after adjusting for sex, age, and smoking habit, the adjusted odds ratios varying between 2-3 and 2-7. Occupational exposure to quartz and asbestos was significantly related to spirometric airflow limitation in people older than 50. Conclusion Occupational title and exposure to specific agents and work processes may be independent markers of obstructive lung disease in the general population.
Mortality and morbidity from obstructive lung disease has increased.`13 The role of occupational exposure to airborne agents in the development of the disease has been examined in various community studies. '7 Examining the relation between occupational exposure and obstructive lung disease in community samples rather than working populations has the advantage of reducing the effect of healthy workers as subjects are studied regardless of their present occupational state. However, the characterisation of occupational exposure in population surveys is imprecise, having been based on self reported answers to non-specific questions on exposure to dust, The questionnaire asked for information on smoking habits, occupational exposure to dust or gas, and respiratory disorders. The response rate was 90%.12 The respondents living in Bergen and 11 surrounding municipalities (n = 3370) were divided into four strata based on the information obtained from the postal survey (figure). The aims of our survey were to obtain precise estimates of the prevalences of obstructive lung disease and occupational exposure to asbestos or quartz in the general population. Furthermore, a large subsample of non-smokers without symptoms was necessary to show the dispersion of lung function variables in a reference population with high precision. Thus a 0-91 random sampling fraction of the subjects in strata 1-3 and a 0-22 random sampling fraction of the subjects in stratum 4 . When the observed attendance rate of 83% for people in strata 2 and 3 is taken into account, a total of 179 subjects should be included in the analysis. These 179 subjects (column D) were drawn at random from the 740 people available in the two strata. All multivariate analyses presented in tables 4-6 were performed on this sample of 714 subjects.
RESPIRATORY PHYSIOLOGICAL TESTS AND CLINICAL EXAMINATION
The forced vital capacity (FVC) and the forced expiratory volume in one second (FEVI) were measured with a Gould 2100 pulmonary function spirometer (Gould Electronics BV Medical Products, Bilthoven, the Netherlands). The spirometer was calibrated daily with a 3-00 1 syringe. The ventilatory tests were performed while the subject was seated and wearing a nose clip. The subject was carefully instructed in the procedure with standardised instructions. At least three spirometric measurements, in which the two largest FVC were reproducible to within 300 ml, were obtained from each subject. If eight trials were performed without an acceptable measurement the test was terminated. The largest FVC and the largest FEV1 were used for analysis even if they did not come from the same forced expirations. The results are given as BTPS.
Subjects with spirometric airflow limitation were defined as those with a ratio of FEV1 to FVC of less than 0 7 and an FEV1 less than 80% ofpredicted values. Identical criteria were recently used in a population survey in Copenhagen. ' group.bmj.com on July 6, 2017 -Published by http://thorax.bmj.com/ Downloaded from 99% (10%) in men. The applied reference values should thus be relevant for the present population. In sixteen subjects (1-3%) spirometric results did not meet the criteria of an acceptable measurement."6 For the sample on which the multivariate analyses were performed, eight subjects did not have acceptable spirometric measurements and were excluded from the analyses on spirometric airflow limitation.
The clinical examination aimed at determining whether the subjects had obstructive lung disease-that is, asthma or chronic obstructive lung disease by diagnostic criteria applied in a previous Norweigian survey. ' 5 Asthma was diagnosed in those with a history of attacks of shortness of breath at rest, with wheezing in the chest changing in severity over short periods of time, either spontaneously or after treatment. At least one typical attack had to have occurred within the previous six months. Chronic obstructive lung disease was diagnosed in those with a history of chronic cough; phlegm when coughing; breathlessness or wheezing, or both; and a ratio of FEV, to FVC of less than 0 7.
The occupational exposure of the subjects was not known to the physician making the diagnostic decision or to the laboratory technician performing the spirometric tests.
CHARACTERISATION OF EXPOSURE
The examination included completion of a questionnaire on smoking habits and all jobs held lasting more than six months since leaving school. Furthermore, the questionnaire asked for past or present occupational exposure to any of the following agents and work processes: asbestos, quartz, wood dust, metal gases (chromium, nickel, platinum), aluminium production and processing, welding, and soldering. The alternatives for answering were ''yes" and "no." The questionnaire was checked for completeness by two members of the survey team. For each job the occupational title was obtained. The occupational titles were coded according to the three digit numbers of Non-smokers were defined as subjects who had never smoked daily. Ex-smokers were subjects who had smoked and had given it up. Subjects were classified as smokers if they were smoking daily at the time of the study.'9 ANALYSIS Unpaired t tests were used to compare attenders and non-attenders by sex, age, smoking habit, occupational exposure state and self reported physician's diagnosis of asthma. The prevalence estimates presented in tables 2 and 3 and in the text are representative of the community because they are corrected for the stratification as in a two phased sampling procedure.'3 Frequencies were compared by the exact test for fourfold tables. The multivariate relation of asthma, chronic obstructive lung disease, and spirometric airflow limitation with respect to sex, age, smoking habit, and area of residence were examined by logistic regression analysis. When the association between disease and occupational exposure was examined by logistic regression analysis, asthma and chronic obstructive lung disease were analysed as one group. Separate analyses of those with asthma led to unstable regression coefficients owing to the few asthmatic subjects with exposure. The logistic regression analysis went backwards, stepwise. For all analyses a significance level of p = 005 was used. All analyses were performed with the BMDP package.20
Results

REPRESENTATIVENESS OF ATTENDERS IN RELATION TO THOSE INVITED
The attenders and non-attenders in the second phase of the study were comparable in sex distribution but attenders were significantly older (table 1). No significant difference was found for smoking habit, prevalence of self reported physician's diagnosis of asthma, or self reported past or present occupational exposure to dust or gas (table 1) . The sex and smoking adjusted odds ratio for When the relation between the airway diseases and occupational exposure to specific agents and work processes was considered, the adjusted odds ratios for obstructive lung disease or spirometric airflow limitation were greater than one in all analyses (table 6). Obstructive lung disease was significantly tAdjusted for sex, age and smoking habit. §FEVI/FVC < 0-7, FEVJ < 80% of predicted values."
IlEight subjects were excluded because criteria for acceptable spirometric test were not met. *Includes asthma and chronic obstructive lung disease (for definition, see text).
tAdiusted for sex, age and smoking habit.
$FEV,/FVC < 0-7, FEV, < 80% of predicted.'5 §Eight subjects were excluded because criteria for acceptable spirometric test were not met. IlAluminium production and processing.
associated with quartz dust, metal gases, and aluminium production and processing as well as welding. None of the exposures was significantly related to spirometric airflow limitation after adjusting for sex, age, and smoking habit. As few young subjects had developed spirometric airflow limitation, the relation of the agents and work processes to spirometric airflow limitation was re-examined only in those older than 50. Asbestos and quartz exposure was significantly associated with spirometric airflow limitation after adjusting for sex, age (50-59, 60-73), and smoking habit by logistic regression, the adjusted odds ratio being 2-8 (11 to 7 3) in those exposed to asbestos compared with those who had not been exposed. The corresponding figure for quartz exposure was 3 7 (1-2 to 11-0).
Discussion
Although various definitions have been used for asthma and chronic obstructive lung disease, confusion persists about terminology and criteria.2' In addition, the diagnoses are subject to considerable inter observer and intra observer bias.'5 As written criteria for asthma and chronic obstructive lung disease were applied and only one physician made the diagnosis, any variation within the present study should be small. Sampling bias could also affect the estimates of prevalence. However, surveys among the non-participants in the first"2 and second phases ofthe study showed no difference between participants and non-participants regarding sex distribution, smoking habit, respiratory symptoms, and self reported physician's diagnosis of asthma. The attenders in the second phase were, however, significantly older than the non-attenders (table 1) pollution had a three times higher risk of having emphysema than employees in clean jobs after age and smoking habit were adjusted for (polluting jobs were defined as those in which workers were regularly exposed to inhaled dust, vapours, or aerosols in their daily work).37 On the basis of data from the questionnaire survey of this study we found that subjects reporting past or present occupational exposure to dust or gas had about a two times higher odds ratio for having respiratory symptoms than unexposed subjects after controlling for sex, age, smoking habits, and area of residence (urban or rural).38
These associations, observed in different populations and by different study methods, support the hypothesis that there is a causal relation between occupational airborne exposure and obstructive lung disease. In this study there was a strong relation between AE + + jobs and obstructive lung disease, the adjusted odds ratio being 3-6 (table 5) .
However, as only 3% of the population held an AE + + job, the effect of eliminating airborne exposure in these jobs on disease prevalence in the community will be limited. Turku, 1990) , and wood dust4 have been associated in community surveys. Interpretation of our findings should be cautious because of the small number of subjects in each group, the high interdependence between several of the agents, and the unknown validity of the information on occupational exposure to the agents and work processes. The agents and work processes identified as risk factors for obstructive lung disease may be only crude estimates of an unhealthy work environment. For example, subjects exposed to aluminium dust may also be exposed to other agents used to produce and process aluminium42-for example, fluorides and sulphur dioxide-which have been shown to be related to obstructive lung disease. '8 The relation ofoccupational exposures to the clinical diagnosis of obstructive lung disease was stronger than that to spirometric airflow limitation. The small number of subjects with spirometric airflow limitation suggests cautious interpretation of this finding. Subjects with obstructive lung disease included those with asthma so this finding may be because the level ofoccupational exposure in the general population is extensive enough to cause reversible airflow limitation and airway symptoms but not persistent airflow limitation. Theoretically, the finding could also be explained by selection by death from airflow obstruction in highly exposed subjects.
The validity of the observed exposuredisease associations may have been biased by several factors. Firstly, stratification by asthma and emphysema could bias the exposure-disease relation if exposed subjects report asthma or emphysema more readily than non-exposed subjects. However, this misclassification would be detected in the clinical examination. On the other hand, if truly diseased subjects tend to over report exposure compared with healthy subjects this would bias the results towards an association.
Secondly, occupational titles are only crude indicators of working conditions. Airborne exposures in the same occupation may vary considerably between individuals, over time, and between different workplaces. The consequent misclassification of exposure state would probably be non-differential with respect to disease state, and therefore tend to underestimate the true exposure-disease relation. Thirdly, the relation may be affected by recall bias. The accuracy of the data may decrease with the length of time since a job was held. However, a recent Swedish community study of8870 subjects compared occupational history obtained from retrospective interview questionnaires with occupational information provided by censuses.43 Although the quality of occupational information was best for recent jobs, it did not worsen significantly for jobs held up to 25 years back in time. Finally, socioeconomic state has been associated with both occupational exposure67 and respiratory dis- 
